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STERIC FACTORS IN ORGANIC CHEMISTRY 

0 

The object of this research program was to learn store about steric 

factors in the hydrolysis of esters of acetic acid. By comparing the 

rates of hydrolysis of a variety of primary alkyl acetates with that 

of ethyl acetate the steric effect of variations in the alkyl moiety 

can be evaluated if one assumes that substitutions on the 3-carbon of 

the alkyl group have a negligible polar effect.  In a similar way the 

steric effects in secondary alkyl acetates may be evaluated by comparing 

the rates of hydrolysis of secondary alkyl acetates with that of iso- 

propyl acetate. 

In this final report the synthesis of the alkyl acetates is de- 

scribed and the physical properties ate, of all compounds used in 

this research are tabulated. 

The discussion of the significance of this work as well as the 

synthetic work involved is to be presented in two or three papers which 

are now being written for submission to the Journal of the American 

Chemical Society. Reprints of these papers will be mailed for dis- 

tribution. 

EXPERIMENTAL 

Acetates of primary, secondary, and tertiary alcohols were pre- 

pared in good purity, and the rate of alkaline hydrolysis in 70$ 

aqueous dioxane, or in water, at 20° and 30°C. was measured. 
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For the preparation of the priz^ry and secondary alcohols and their 

acetates, the general methods used can be depicted as follows: 

RCOOH or RCOOR'  Jt-> RCH20H 
acetYlation ) RCHgOCOC^ 

C R' 

R—C-R1  ^ > premratacetylatlon ^ RCH—OCOCH, 

A. SYNTHESIS OP ACIDS 

Six different methods vere used for the preparation of the carboxylic 

acids or their esters. These methods are outlined below: 

(1) Carboxylation of the Grignard Reagent: 

CHa CH- CH. 
CO,- 

C2H5 — C — Cl -E£_^    C2H<— C~MgCl >    C2H5— C — COOH 
HgO 

CH- CH, CH- 

(2) Alkylation of Malonic or Cyanoacetic Esters: 

^C0°R1. R.-X   »' 
2. R"-V 

mm*. 
COOR 

CH2     2\ll X >   .c 

COOR 3- Hydrolysis 
y k.  Decarboxyl-  v 

 ation—^ r    CHC0OH 
/   \ / 

R"      COOR R'« 

(3) 1.4-Addltion of Grignard Reagent to Ethyl Alkylidene Malonate: 

CH,       COOEt 1. CH3MgI        CH3 COOEt 3. Saponification 

B-C 2. Hydrolysis^ nE       c __ CH K  Decarboxylation^ 

CH 
/  "\ 3   T    / 

COOEt CH, COOEt 

t • 
i .... 

1 

! o 
CH- 

I3 
CH —C—CH2-i 

CH. 

omi*&m0**m 



mm*'*Tf**i*i^i**mnfri&mr^&ytmti*xm'iirm wmmvm'mmmmtBni 

\ 

c (k)    Alkylation of Kitriles (Ziegler Method): 

excess C2HcBr 

r  „    1. Hydrolysis, 
C^H5      T5f> HjjSty 

CH^CN or CpHcCHoCN  ^—> CPHr — C — CN 2> n""2 > 
3     25^  HaNHg, ether     5  / 

C2H5 

C2H5 — C —COOH 

C2H5 

(5) Hypochlorite Oxidstion of Methyl Ketones: 

CH2 —-^CH-C-CH- 
NaC1°) CHg  CH-COOH 

C (6)    Alkaline Rearrangement of Oi-Ealoketones (Faworski Reaction): 

0 
Cl CHjONa 

Ether 

COOCH., 

R"   R'" R1" R' 
i   ! II 

In general: R • - C — C -C —R"" Na0CH^ v CH — C -COOMe 
i    ii   I ^ i      I 
X  0 H R"" R" 

%A 

fc c 

In method (6) the a-bromoketones were prepared either (a) by direct 

bromination of the corresponding ketones or (b) through replacement of 

hydroxyl group in an acyloin by bromine. The ketones themselves were 

prepared either by oxidation of en  appropriate alcohol or through treat- 

ment of a cadmium dlalkyl with the appropriate acyl halide. 
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B. FORMATION OF ALCOHOLS 

Lithium Aluminum hydride was used as a reducing reagent for con- 

verting carboxylic acids and esters into the corresponding primary 

alcohols, and ketones to corresponding secondary alcohols. 

C. FORMATION OF ACETATES 

The new alcohols were smoothly and conveniently converted into their 

respective acetates by treatment with:  (1) acetyl chloride or acetic 

anhydride and pyridine; or (2)  isopropenyl acetate and acid; or 

(3) acetyl chloride and magnesium metal in dry ether as follows: 

W> ?2H5 
C^-C —OH + 2CH3C0C1 + Mg  > C?H5_ C0C0CH3 + MgClg + Hg  (Spaasow) 

C2H5 
°2H5 

D. RATES OF ALKALINE HYDROLYSIS 

The rates of hydrolysis of the acetates with 0.01 N sodium hydroxide, 

using water or 70$ aqueouB dioxane as solvents, was followed titrimetically 

at 20°C. and 30°C. 
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E.  INFRARED SPECTRA 

Spectra of all acids, ketones, alcohols and acetates were recorded 

between 5000 and 625 cm  with a Baird Infrared Recording Spectrophoto- 

meter Model B. All liquids were measured in a sandwich-type sodium 

chloride cell. 
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